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PASSIVE NEUTRON MEASUREMENTS AND CALCULATIONS
OF IRRAOIATEO PWR FUEL ASSEMBLIES

J,R, Phillips, J.K. Halbig, and G.E. Bosler
University of California

Los Alamos National Laboratory
Los Alamos, New Mexico 87545

Passive neutron measurement of spent-fuel
assemblies is a convenient and rapid technique
for velifying operator-declared exposure values.
Experimental results have been obtained for a
wide vsriety of pressurized-water reactor fuel
assmblies at reactor and away-fron+reactor stor-
age facilities. Calculations using a stngle-point
depletion code have been performed to avaluate
and quantify the effects of various initial fuel
parameters and irradiation historfes on the neu-
trcm source strengths in spent-fuel assemblies,

1. Introduction

Passive neutron measurement of spent-fuel
assanblies is a convenient and rapid technique
for verifying operator-declared exposure values
to satisfy both safeguards and facility-operator
requirunents, The instrumentation is simple to
operate and the acquired data are reasonably easy
to 4nnlyze, To demonstrate the applicability of
the technique to satisfy International Atomic
Energy Agency (IAEA) safeguards requirunents and
to estatlish a data base, Ongoil,g measurements
are being made on various spent-fuel assemblies.
To date, 36 pressurized-water reactor (PWR) fuel
assemblies have been examined at a reactor storage
factlity, and 17 assemblies from four different
reactors have bean examined at an away-from-
raactor (AFR) fac{ltty,

Par9metr+c studies were performed to quantify
the effects of tnittal fuel parameters and irra-
diation histories on the depletion and production
of actinide itotopes in spent-fuel assemblies, A
calcul~tlonal model based upon a PUR.typa design
was used for these Investigations,

20 Experimental Measurwnents

Power Reactor Storage Facility.

Neutron amts$fon rates for 36 PWR fuel assen
blies with dcclarad exposures r ng{ng fran 18,8
to 38.0 Gttd/tU ware measured,! The detector
consisted of two fiss~on chunbers (165 mg 235u
each) placed horizontally on opposit~ sides of the
fllel assembly to reduce positirnlng effQCtS.
C$~oltngtimes since

Ii
scharSa rangtd frcm 4 to 40

mnths. !nitlal 2 U enrichmmts ware 2,25,
2.20, and 3,30 wt% for exposures at 20, 30, and
?bov@ 35 GUd/tU, S’esgect(vely, Results from these
measurements are shotm in Ftg, 1 in whtch the
ii-monthdata have been denottd differently. There
are two princfpal sources of nwtrons in s

!?!;;
J ‘ud’?:;,2n?eLyr)*[~:}z :ss~~~~,yr~~fd ‘ddcm

Be~tuse of tht half-life dffferances of these two
fsotopes, neutron em{ssfons for assambltes with

!!!$;bu&r ;;;r;n;;;;;;g;’v~dC?;; S!;CP;;

cooltng ttmcs (>2 yr) ara prhartly ;ron
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Fig. 1. Experimental results for 36 PWR spent-
fuel assemblies having cooling times,of 4 to 40
months.

the 4-month data in Fig. 1 by increasing the me~s-
ured neutron rat
petted tf only ~4&’e~~i’c~~~~!’bZ?~ ~~ i~~
rate.

For exposures above 10 GWd/tU, data ltke those
In Fig, 1 can be represented by a power-function
correlation of the form:

Neutron emission rate = a ●(exposures , (1)

where a Is a scaling parameter and B ranges in
valua from 3,0 to 4,0 depending on tha fuel bein
amasured. Ustng this relationship the slope o?
the Itne gtven in Fig, 1 is 3,0,

Away-Fran-Reactor Storage Facl1tt~

A spent-fuel maasuranent s stem was installed
in the receivfng pool of an A#R storage facility
to demonstrate the applicability of passtve nau-
tron techniques in a facilfty that had a vwy
lim{ted mount of available space, ‘7h@ system
(Fig, 2) consisted of a pfpe Containing the de-
tectors and a V-shaped positioning davtce Into
wh~ch the corner of the fuel assembly could bc
correctly pOS~tlOntd. The dttectortube (Fig. 3)
Conslbted of three detectors: (1) a fltston cham-
ber to measure the nautlon anlstion rate, (2) an
ion chamber to determine the gross gansna dose
rate, and (3) a Be(y,n) detectorthat Is sensitive
only to Qmna I*mys with energies abr’a 1,66 NaV,
This detector peekage was used to measure tho
neutron anissfrm ratts of 17 spent-fuel assembllts
fr~r~,pressurfzed.water and 1 boiling water re-

The exposurt rongc was 10-40 bWd/tU for
thePUR assembli~s and b Gkid/tU f~r the boil\ng-
water reactor (BWR) assmbly, Two objectives of
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F19, 2. ~051tlonlng oewlce an a aetector twue
assembly tnstallea at tne AFR faclllty to measure
soent-~uel assem~lles.
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Ftg. d. Relatl.e neutr~, count rates of tne four
corners of seven P@ fuel assenmlles.

~ne ~~sur~en~s .~re the aetermilnallon of IRE

rewoauclolllt, of re~llcate wasure~e~ts am the
Qufmtlflcatlcm of olffereficesin t7@asur&nents GG-
t~lnea at ~ne four corners of tne same fuel as-
semb1y Preclslons of 1.02 for tne neutriifi,0.5’
lw tne gross gamma, ano 1.5= for tne BeIT.iII
masuraents were Ocitalnea.

Var>atlons In tne neutron measurements Gc-
talneo at tne four corners at tne sari a.lal GO-
Sltion are sno”n In Fig. 4 for a set of seven PuL
fuel essem~lles -ltn slmlilar exposures. Mn\le
dlfferenc~s tn tne ifioiwlaual corner meaquremen~s

Varlea UD to 4GY, tne sum of tne four corners var-
tea from assanol~ to assemoly DY no more tnan 15..

3. CaicUlatlonal Results

rue~tr~ Sources in PHR Fuels.

Tne pr~uction ana aeDlet-on of actlnlae ISO.

toD8s haVe be8n c~lcUldt80 for t@lcal pbiE-tJ~e

fuel a semolles ~sfng a single-point oepletlon
cooe.21\ ExDosUres fr~ O to 50 Gwa/tu were

slmulateo to r~pr~sent tne campletc range of
exposures tnat an experimenter may nave tc meas-
ure. At~ aensltles m eacn actlnloe lsotocie
Were calculated at 35 exposure steDs.

Table I snows 4 camparfson of t e calculate
ana experlmenttlly measurea Values1’ for & se.
lectea set of ~%otapesm Tne ag~eement oet.een
tne two values 1S very gooa, wltn the Isotopes
hav~n~ large Qrrors Oatng mofe alfflcult to
me4skrt amerlmmtally,

heutron source rates from eacn Isotope were

Calculatw as a function of exposure ano coollng
ti~ [“D to 120 montflsji Representatl,e results
fr~ these Calcultttonl are l“en In Figs. 5 ana

!6 for exp@swes nf 10,8 and 9.5 Gwa/tu. As men.
tlorlua fn ectlon, me two curlm
$sotaDes, $~~CmDr&;~~us24~Cm, ~re t~a a~lntnt

Sourctt of neutrons far fuel assembles Wftn ex-
tsosures above

ill
Become of the 0.4456-y

r141f-llfQ of 2p’’#~a lsatopc 19 only a sl9-
nlfic~nt contrl~utor aUr!n9 the first twc yews

!~~& ~~’c~~~g\r{~c~~ ?n~o~$t~” ~~~~~~~r!;
mabt i19nt-Mnter

‘Den)i&’ ,S’~~’~Y’F19T”!aam~nant InflUence of
at the curves mrge after t90 @Jr$ of coollng



TABLE I

COMPARISON OF MEASURED AND CAICULk?EilVALUES

Measured Calculated ?ercent

&!uY . — ——-wmr --vmE-- TITfT%ce*

8urnup
At.%
Fission 3,221 3,221

Expc ure
+0.00

Gwaltu 30.92 31.19 +0.89

;-;::;; 0.0W14 :.O&& -1?.81
0.(YJ612 -3.84

U-2361U 0.00352 0:00357 +1.52
U-23B{U 0.99022 o,99f)43 +0.02
Pu-23B/Pu :.::;;; 0.01452 -::.;:
Pu-2391Pu 0a539bb
%J-240/Pu 0:25101 062400? -4:38
Pu-241{Pu 0.12998 0.13772 +5.95
Pu-2421Pu 0,0;964 0*06B07 +1).4~
Pu-239/U-238 0.0051B 0.0049b -4.28
Nd-148/U-23B 0.00057 0,00059 +3.96

●Isotopes with large errors (>10”.)are difficult
to measure experimentally,

time, The slope of a pwer functton (Eq, 1)
fitted to the calculational results between 10
and 50 GWd(tU IS 3.6, These neutron source rates
do not tnclude WY correction for transport of
the neutron: t!mough the fuel material and water
to the detector,

CaIculationislly estimated values for 244Cm
carr~late very well With the total fissile inven-
,wy in the fuel material as shown in Fig, 8,
Figure 9 shmis a similar plot of the Ma) source
neutron risteas a funct{on of the rembtntng fts-
sile inventory i~ d fuel assembly for vartous
coolifig times, The functional relationship ts
single-valued and linear between 10 and SO GM/tu
on the semi-log plot, Sim{lar plots of neutron
source rate vs totdl plutonium and vs total
plutonfum m{nus 239PU are shown tn Figs, 10 and
11, respectively, In eech of the ploti (Figs,
9-11) the influence of 242Lm on the neutron

Id
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Ftg, 5, Neutron “,ourcerate for the ftve mtt
prominent contrlbutort to the tothl rate fow an
oxposureof 10,8 GHd/tU,

id . . . . . . . .

rtg. 6. Neutrm source rate for the five most
prominent ccmtributors to the total rate for an
exposure of 29,5 GWd/tU,
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Iklarcd Exponur*{lwd’lV)

Fig. 7. Neutron sourc? rate as a function of
exposure for various ceoling times.



source strength is only significant for short
cooling times (<2 yr)c Such correlations have
been used to successfully pr~ct Plutonium con.
tent in spent-fuel assemblies.

The isotopic cssnposition of the plutonium
changes significantly as a function of exposure.
Figure 12 shows the percentage of total plutoniun

Jotope as exposure increases. At 50
&;/;j~h25Pu would be e~$~cted to be about
one-half as large as the Pu fraction. With
curves such as those in Fig. 12 and information

!N4c~~’ t~~O~~~on~~~t~~rre/~~~~~ ~~~ e!~?
mates could be made on plutonium Isotopic compo-
sition.

40 Conclusions

Applicability of passive neutron measurements
of spent-fuel assemblies has been evaluated ex-
perimentally and calculationally, Experimental
rtsults for 36 PUR fuel assemblies indicate that

Fig, 9, Tot41 neutron source rate as a function
of the uelght per cent of the total fissilt?mate-
rial ranaining In the fuel assembly for Sour
cooling times.

FIs, 10, Total ntutron source rttc as a function
Of the wdght per cent of the total plutonlum
;~m~ning In tht fugl tss~mbly for four cooling

the measured neutron rate correlates with
operator-declared values of exposure as a power
function. Precise measurements can be obtained
r~pidly, requiring only 1-2 minutes measurefnent
time. These measurements must be performed on
IrOrethan one corner or side of the fuel assem-
bly because Significant differences have been
found between corners of the same fuel assembly,

Calculationa’1techniques have
examine correlations between the )ff:m ‘:::ce:o
tration and the total fissile material and totai
plutonium remaining in the fuel assembly, These
Lalculationisltechniques have allowed us to ex-
plOre the applicability of these correlations
and other correlations in an extended exposure
range (50 GWd/tU) where experimental data are
not presently available.
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Fig, 11, Total neutron sour rate as a function
of total plutonium minus 2~spL remaining in the
fuel assembly for four cooling times.

F{g. 12, Contribution of plutont~ l~otope~ to
tho total as a functton of Cxpolure,
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